Central conduction was studied in 12 patients with X-linked recessive bulbospinal neuronopathy (XBSN) using percutaneous electrical cortical, cervical and lumbar stimulation and somatosensory evoked potentials (SEPs). The Deep tendon reflexes were diminished in most patients. One patient had experienced cerebral thrombosis resulting in left hemiparesis, and examination showed an extensor plantar response in the left foot. There was mild sensory impairment in the lower extremities in 6 patients. Gynaecomastia was also a common symptom, and was seen in 9 patients. Electromyographic changes such as reduced interference patterns, high amplitude potentials (greater than 6 mV), polyphasic units, positive sharp waves and fasciculation potentials were common in all patients.
Accepted 1 1 July 1991 Progressive bulbar and spinal muscle atrophy with X-linked recessive trait is characterised by adult-onset slowly progressive motor neuron symptoms such as proximal neurogenic muscular atrophy with contraction fasciculation, bulbar signs and endocrinological abnormalities such as gynaecomastia, testicular failure and impaired glucose tolerance.1-3 Since primary sensory neurons have recently been shown to be affected as well as lower motor neurons, this disease is now designated as X-linked recessive bulbospinal neuronopathy."6 Pathological studies have demonstrated that the descending motor pathways in the pyramidal tract are well preserved, whereas axons in the posterior column of the spinal cord are involved in a distally-accentuated manner. However, the electrophysiological aspects of these changes have not yet been studied. We investigated both the descending motor and ascending somatosensory pathways in the central nervous system in this disease, using percutaneous transcranial electrical stimulation of the brain and somatosensory evoked potentials.
Patients and methods
We studied twelve male patients with X-linked recessive bulbospinal neuronopathy (XBSN) ranging in age from 39 to 70 years. The duration of disease ranged from two to 29 years. All except one had a family history of a similar disease. Postural finger tremor was the initial symptom in 9 patients. In 3 patients, the illness started with gait disturbance. Contraction fasciculation was noted in all patients. Muscle atrophy and weakness were predominant in the proximal portion of the extremities, especially in the upper limbs. Mild dysphagia and dysarthria were present in all patients.
Deep tendon reflexes were diminished in most patients. One patient had experienced cerebral thrombosis resulting in left hemiparesis, and examination showed an extensor plantar response in the left foot. There was mild sensory impairment in the lower extremities in 6 patients. Gynaecomastia was also a common symptom, and was seen in 9 patients. Electromyographic changes such as reduced interference patterns, high amplitude potentials (greater than 6 mV), polyphasic units, positive sharp waves and fasciculation potentials were common in all patients.
To study the descending pathways, stimulation was Signals were amplified, filtered (band pass 20 Hz-3 kHz), and stored with an electromyograph (Nihon Koden MEM 4104) for further investigation. The patients were instructed to contract the examined muscles very slightly when the scalp stimulation was delivered so that the shortest conduction time was obtained each time. The time from scalp stimulation to the onset of evoked EMG activity in the thenar muscle contralateral to the anode was taken as the cortical latency. The time from cervical stimulation to the onset of EMG activity was taken as the cervical latency. The difference between cortical and cervical latencies in the same muscle was designated as the central motor conduction time from the cerebral cortex to the cervical segment of the spinal cord (C-CMCT). The central motor conduction time from the cortex to the lumbar segment of the spinal cord (L-CMCT) was estimated by subtracting the latency to onset of the anterior tibial muscle EMG activity after lumbar stimulation (lumbar latency) from the latency to onset of EMG activity after scalp stimulation (cortical latency). L-CMCT was studied in 10 patients.
In all patients somatosensory evoked potentials (SEPs) were obtained by separate stimulation of the median nerve on both sides at the wrist, and were recorded from the contralateral parietal scalp (2 cm posterior to C3 or C4 by International 10-20 system) and from the posterior neck at the level of the C5 spinous process. A common reference electrode was placed on the forehead (2 cm posterior to Fpz). Electrical stimulation was applied at 3 Hz with pulses of 0-1 ms duration, and an intensity approximately 20% above the motor threshold. One thousand sweeps were averaged and stored with the same electromyograph used in the study of central motor conduction. The filter was set at 20 Hz (low cut) and 3 kHz (high cut). The difference in latency between N19 of the cortical SEPs and N13 of the cervical SEPs was taken as the central sensory conduction time from the cervical region to the somatosensory cortex (C-CSCT). In 10 patients, SEPs performed by stimulation of the tibial nerve were recorded from the parietal scalp (2 cm posterior to Cz) and from the back at the level of the T12 spinous process. The reference electrodes were placed on the forehead (2 cm posterior to Fpz) for the parietal scalp and at the level of the Ti 0 spinous process for the back. The tibial nerves on both sides were separately stimulated at the ankle with 0-2 ms pulses at 2 Hz. The intensity was approximately 50% above the motor threshold. One thousand sweeps were averaged and stored. The filter was set as for the median nerve stimulation. The latencies of the first positive peak of the cortical SEPs (P36) and of the first negative peak of the lumbar SEPs (N19) were measured. The difference in latency between P36 and N19 was taken as the central sensory conduction time from the lumbar region to the somatosensory cortex (L-CSCT).
The results were compared with CMCT and CSCT of 13 age matched normal volunteers. None of the subjects had had epileptic seizures, heart attacks or abnormal ECG findings. Informed consent was obtained from all subjects. Results 
1) Central motor conduction time
In the normal controls C-CMCT ranged from 3-9 to 6-9 ms. The mean C-CMCT was 5 1 ms with a standard deviation (SD) of 0-69 ms. L-CMCT ranged from 110 to 15 0 ms with mean of 12-9 ms and SD of 1-24 ms in the normal controls. Generally, either C-CMCT or L-CMCT in XBSN was no longer than in controls, ranging from 3-2 to 5 9 ms for C-CMCT and from 10-2 to 15-6 ms for L-CMCT. No patient's values were more than 3 SD outside the control mean, except for one patient who had experienced a stroke with left hemiparesis, in whom an action potential could not be evoked in the left thenar muscle by scalp stimulation and the L-CMCT in the left anterior tibial muscle was prolonged (I7 6 ms). The calculated mean C-CMCT was 5-2 ms (SD; 0-80 ms), and the mean 2 PV L-CMCT was 13-7 ms (SD; 1-69 ms), excluding the paretic patient. There was no difference in C-CMCT or L-CMCT between the controls and the patients with XBSN.
2) Somatosensory evoked potentials (SEPs) SEPs were obtained by median nerve stimulation in all patients except for one patient with stroke-associated left hemiparesis as shown in it wa the table. In patient 4 cortical SEPs were not MS recorded after left median nerve stimulation.
The latency of N19 was slightly longer in Since the electrical stimulation delivered to the cervical and lumbar vertebrae will excite the motor root at a site immediately proximal to the spinal cord,'7-20 CMCT in this study must include synaptic delay in the anterior horn and a very short conduction in the ventral root as well as the conduction from the motor cortex to the anterior horn of the spinal cord. However, CMCT in this study was normal in XBSN, even though the anterior horn cells and ventral roots were severely damaged.236 Relatively long cervical and lumbar latencies in a few cases of XBSN may be caused by severe anterior root involvement; however, CMCT is almost completely preserved if the corticospinal tract is spared, even though lower motor neurons are involved. Furthermore, it has been suggested that the fastest descending fibres in the central nervous system are not impaired in XBSN, whereas it is well documented that in We conclude that the results of these electrophysiological studies are consistent with the clinico-pathological findings in XBSN. These physiological studies may be helpful in diagnosing XBSN in its early stage or in cases without information on family history. 
